Abstract. Accumulating evidence indicates that polymorphisms in the CRP gene are important in the development of cancer. The current meta-analysis was performed to investigate the association between CRP polymorphisms 3407 A>G (rs2808630) and 29 A>T (rs1417938), and the risk of developing cancer. A search of the relevant literature was conducted using the PubMed database to identify eligible studies published up until March 25, 2014. Five case-control studies involving 888 cases and 3,167 controls for the 3407 A>G polymorphism, and six case-control studies involving 3,110 cases and 5,951 controls for the 29 A>T polymorphism were included in the current meta-analysis. The pooled odds ratios with 95% confidence intervals were calculated using the fixed-or random-effects model. Meta-analysis identified no association between the CRP 3407 A>G and 29 A>T polymorphisms, and overall cancer risk. Additional stratified analysis by cancer type did not reveal any significant associations in the genetic models investigated. The findings of the present study indicated that CRP 3407 A>G and 29 A>T polymorphisms are not associated with cancer risk.
Introduction
Chronic inflammation is important in the development of cancer at a number of sites in the body (1) . C-reactive protein (CRP) belongs to the family of acute-phase proteins and, as a general marker for inflammation, is synthesized in hepatocytes. A major role of CRP is to bind phosphocholine, thereby permitting the recognition of foreign pathogens and the phospholipid constituents of damaged cells; thus, CRP is vital in host defense and the clearance of necrotic and apoptotic cells (2) .
The CRP gene is located on chromosome 1q21-q23, and transcription is predominantly stimulated by interleukin (IL)-6 and IL-1β, which are produced in various cell types, including inflammatory cells (such as T cells and macrophages), endothelial cells, fibroblasts and esophageal cancer cells (3) . In cancer patients, plasma CRP levels are typically high compared with healthy subjects (4) .
Single nucleotide polymorphisms (SNPs) are the most common type of variation in the human genome and may influence disease susceptibility by affecting sequence coding and splicing (5) . Previous studies have investigated the association between CRP 3407A>G and 29A>T polymorphisms, and cancer risk (6) (7) (8) (9) (10) . However, association data determined from these independent studies is relatively powerless; therefore, the present study conducted a meta-analysis of all eligible published studies, and the effect of CRP 3407 A>G and 29 A>T polymorphisms on cancer risk was evaluated.
Materials and methods
Publication search. The PubMed database (http://www. ncbi.nlm.nih.gov/pubmed) was searched for relevant articles published prior to March 25, 2014. The following keywords were used: C-reactive protein or CRP, polymorphism and cancer. Additional studies were identified by conducting a manual search of the reference lists of reviews and the retrieved studies.
Inclusion and exclusion criteria. All of the included studies met the following criteria: i) The association between CRP 3407 A>G and 29 A>T polymorphisms, and cancer risk were evaluated; ii) the studies were case-control; and iii) the number of individual genotypes for CRP 3407 A>G and 29 A>T polymorphisms in cancer cases and controls, respectively, were stated. In addition, the exclusion criteria included: i) Original or insufficient data regarding the individual genotypes for CRP 3407A>G and 29A>T polymorphisms in cancer cases and controls; ii) review articles and case studies focused on the prognosis associated with genetic polymorphism and iii) duplicated publications.
Data extraction. Two independent researchers systematically extracted the relevant data from all of the studies that met the T vs. A) models. Furthermore, between-study heterogeneity was assessed by calculating the Q-statistic using the χ 2 test and P h <0.05 was considered to indicate statistically significant heterogeneity. If the results were heterogeneous, the pooled ORs were calculated using the random-effect model; if the results were not heterogeneous, a fixed-effect model was used. In addition, a Begg's funnel plot was constructed to examine any potential publication bias, and sensitivity analysis was performed to estimate the influence of excluding each individual study on the summary OR values. All statistical data were analyzed using Stata software (version 12.0; StataCorp LP, College Station, TX, USA).
Results

Study characteristics and quantitative synthesis.
A flow chart of the study selection process is indicated in Fig. 1 . A total of 52 studies regarding CRP polymorphisms with respect to cancer were identified; however, following a review of the titles, abstracts and articles, the inclusion and exclusion criteria identified five 3407 A>G polymorphism studies involving 888 cases and 3,167 controls, and six 29A>T polymorphism studies involving 3,110 cases and 5,951 controls for inclusion in the present meta-analysis (Table I) .
Evaluation of the association between CRP 3407 A>G and 29 A>T polymorphisms and cancer risk are indicated in Fig. 2 Sensitivity analysis and publication bias. The OR was not statistically different when excluding each individual study by sequence, demonstrating that no individual study significantly affected the pooled OR and clarifying the stability of the results of the present meta-analysis. The shapes of the Begg's funnel plots, constructed to assess possible publication 
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biases of the included studies, did not reveal any evidence of obvious asymmetry, which indicates a lack of publication bias (Fig. 3) .
Discussion
To the best of our knowledge, the present study is the first meta-analysis to comprehensively assess the association between CRP 3407 A>G and 29 A>T polymorphisms and cancer risk. In the present study, no association was identified between CRP 3407 A>G and 29 A>T polymorphisms and the overall cancer risk in all of the genetic models investigated. In the subgroup analysis based on cancer types, no association was identified between these polymorphisms, and prostate, lung and colorectal cancer. These findings indicate that CRP 3407 A>G and 29 A>T polymorphisms may not be risk factors for the development of cancer.
However, a number of limitations should be considered when interpreting the results of the present analysis. Firstly, the present results were based on unadjusted estimates, whereas a more precise analysis may have been conducted if individual data were available. Secondly, the relatively small subpopulation samples may have reduced the statistical power of the analysis; therefore, additional studies with a larger sample size are required to fully understand the association. Thirdly, the present analysis did not consider the Table I . Characteristics of eligible studies investigated in the present meta-analysis. possibility of gene-environment interactions, which may have influenced the effect of the polymorphisms on cancer risk.
In conclusion, the present meta-analysis indicates that CRP 3407 A>G and 29 A>T polymorphisms are not associated with cancer risk, particularly in prostate, lung and colorectal cancer.
